I. INTRODUCTION
To supply electrical power to the customer a power supply system should have a number of parameters, including a particular voltage U and frequency f. Changes in voltage characteristics relative to frequency, values, voltage waveshape and voltage symmetry in three-phase power supply systems may result in deviations from the rated values.
These changes may affect the normal operation of the electrical equipment. Based on the working conditions of consumers, slight deviation of parameters from their rated values U nom and f nom . is allowed.
In accordance with the Russian government standard 33073-2014 "Electric energy. Electromagnetic compatibility of technical devices. Control and monitoring the quality of electric power in public power supply systems" and European standard EN 50160:2010 "Voltage characteristics of electricity supplied by public distribution networks" under the long-term change of supply voltage characteristics, frequency and voltage wave-shape, unified power quality (PQ) indices and standards are applied.
Intensive studies on power losses decrease are currently conducted. The sources of such losses for the network in question may be facilities considered in [1] . For each electrical supply system, the power receivers or PSS objects may vary, and consequently the level of influence of these objects on a particular system depends on the specific elements of the system.
The reasons for the failure of the main elements of power supply systems may differ. The main elements of the system typically include: overhead transmission lines, cable lines, transformers, switching equipment and relay protection and automatic equipment (RPEA). Among the listed elements, the most reliable power supply system elements are overhead transmission lines (OHTL) since they are mostly exposed to external factors due to their great territory dispersal. This results in costs to be compensated and eliminated. The issues on energy saving are currently under consideration. However, it is important to realize what should be done in order to start saving energy. The whole industry of traditional power engineering or energy will ruin in a hundred years or even after decades, if energy is not developed. A power supply system will be unreliable; power quality will not be a public interest.
II. TASK DESCRIPTION
This raises the challenge of examining the influence of power supply system elements on energy in general. Works [2] [3] [4] are devoted to higher harmonics analysis. Besides, some power receivers are known to be the sources of higher harmonics that affect the system as a whole. A system with larger inadmissible variations will be unreliable and certainly be out of service. Typical power receivers contributing HH to the system are the following PSS facilities: valve inverters, direct current link frequency converters -cycloconverters, induction inverter stage and brushless DC electric motor, thyristor controlled switch, arc steelmaking furnaces and electric welding machines, wind-driven power-plants, electric transport catenaries, overvoltage suppressors and other facilities [1] .
The scope of one paper does not allow the influence of higher harmonics on all facilities of the power supply system to be considered (Fig. 1) . Therefore, let us design the PSS as a model ( Fig. 2) and limit the area of the study to a standard PSS which is used in oil production enterprises in particular.
The consumers of 6 kV load are the object of the study as they are the most attractive in terms of higher harmonics analysis. Oil production companies involved in oil extraction in their fields can be considered as consumers. There can be not less than 4 wells in one oilfield on the average. A large amount of crude oil in this country is currently produced by electric submersible pump units (ECPU) [5] . Let us consider the structure of electric engineering system of ECPU (Fig.2) and define elements to simplify the schematic of power supply (Fig. 1) . Power rectifiers of the control station of electric submersible pump units with L and LC filters for the oil-field network set non-linear valve load. With the sine-wave voltage their input current wave shape is non-sinusoidal; it is deformed and approaches to a rectangular (Fig. 3 ). This current contains higher harmonic components apart from component i 1,1 of the fundamental frequency [6] . This work considers the influence of non-linear load of 6 kV to the network, and the share of energy losses in the line W3 from each harmonic component will be analyzed in particular. The schematic diagram of power supply of the oil refining plant is shown in Fig. 5 .
The diagram demonstrates that the load of 6 kV is nonlinear and has intermittent rating. The load of 0.4 kV is a normal linear load working under continuous constant load. There is an oscillogram of phase voltage (Fig. 4) on the bus section of 6 kV obtained by a power quality tool AKE-823, for clarity the time interval for tests being equal to 0.8 s.
IEEE Dynamics of
Systems, Mechanisms and Maсhines (Dynamics) (Omsk, Russia) 14 Nov-16 Nov 2017
III. THEORETICAL BASIS
As noted above and as is clear from the voltage oscillogram in Fig. 4 , the mode of the network is nonstationary. Many different methods [7, 8] are used to improve the calculation accuracy of these modes. However, to determine the share of energy losses in the line W3 from each harmonic separately, the most convenient methods from the author`s point of view is the Wavelet packet transform based method [9] . This method allows the signal to be decomposed into wavelet coefficients. The output signal (current in this case) is multiplied by the coefficients of high frequency filter and low frequency filter, resulting in detail and approximation coefficients respectively. It is shown graphically in Fig. 6 . Wavelet packet transform coefficients are the result of output signal convolution based on wavelet [10] 
Each coefficient here is responsible for a particular frequency range. The sampling frequency is selected so that each wavelet coefficient of level 3 contains frequency band of 100 Hz (Fig. 6) . The effective values of current for the desired frequency range with the wavelet transform properties taken into account can be obtained:
where N is the number of points in the examined signal; 
IV. RESULTS OF SIMULATION MODELING
To define the current flowing in line W3, the section of circuit shown as a broken line in Fig. 5 was modeled. The model is developed in the Matlab Simulink software, simulation model of the section of circuit is presented in Fig.  7 .
The parameters of the modeled section of the circuit are shown in Table 1 . Table II . Fig. 8 represents graphically the result of wavelet packet decomposition. A particular wavelet coefficient is seen to correspond to each harmonic component. The same figure clearly shows the time intervals with this or that harmonic. It also shows the Fourier spectrum of the investigated current signal. Percentage of losses at higher harmonics from fundamental frequency 0.27%
Having analyzed the results, the following conclusions can be made: 1. The influence of non-linear loads of 6 kV on the losses from higher harmonics in line W3 is not significant and less than one percent. 2. The wavelet packet transform method allows the signals of certain frequency components to be extracted with sufficient accuracy for practical calculations. 3. The analysis of non-stationary operation modes demonstrates the distinct advantage of wavelet transform compared to Fourier analysis.
V. SUMMARY AND CONCLUSIONS
The paper suggests that a new, advanced mathematical apparatus of wavelet analysis can be used for the analysis of
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influence of higher harmonics generated by non-linear consumers of 6 kV on the network operation reliability. With this aim in view the following tasks were consistently solved:
1. The simulation model in the environment of MATLAB Simulink was developed for the power supply system section of the oil refining plant under non-stationary and nonsinusoidal mode of operation.
2. The qualitative coincidence of modeling results with those of analytical calculation was determined.
3. The effective values of currents in the line of 6 kV for each harmonic component were defined.
4. The calculation data of the energy losses share in the line of 6 kV from each harmonic component were presented.
5. The nonlinear load of 6 kV in the chosen network proved to contribute insufficiently to the energy losses in line W3.
6. It was noted that the wavelet packet transform based method was more accurate compared to the Fourier transform.
